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NMR Crystallography ...

The Goal:

Measure enough distances to determine structure in a single experiment.

Liquid State

Solid State

Many methods including NOE
yield distance constraints for
determining structure

Prps¢

) Solid

Few methods exist for the
simlultaneous determination of
multiple distances

Riek et al., Nature, 382, 180-182 (1996).




Recoupling Methods

The static experiment contains everything
including dipolar couplings
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MAS improves resolution, however
dipolar couplings are lost.
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Recoupling techniques such as DRAMA,
C7,REDOR, RN, etc. reintroduce dipolar W

couplings under MAS. \ ' - - T

However, all of these methods for determining dipolar couplings
have a theta dependence leading to anisotropic spectra.



Field Cycling Experiments

Field cycling experiments utilize the fact that in zero field
a dipolar coupling exists as 3 sharp lines:
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Weitekamp, Bielecki, Zax, Zilm, and Pines, Phys. Rev. Lett. (1983) 1807-1810.



‘ Zero Field at High Field |
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‘ Tycko's ZFHF Results l
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| Inspiration I

We want an 1sotropic spectrum similar
to zero field.

H, o< w,(3cos’ 0 —1)

y
So we have cos” 0 ...

How can O be eliminated
to leave @, ?



‘ Generating an Isotropic Signal '

p(0)=1 +1I:

H=0,/0)31'T>-1'T) 2
h(9)2h3cos 0-1

for atime t not at the magic angle
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p,(t)+p, ()
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p\EAy 215, 22422 g(g):%gsiHZQ

foratime~t 4, = Esinz 0. o
4
(L(t,7) )= Tr(p,(t,7).) (1.(t7) )= Tr(p,(t,7)])
= cos(w,/1(0)1) = —cos(2¢)
-cos(w,g(0)7) -sin (@, /1(0)t)

sin(w,g(0)7)



HﬁET - a)Df(Az,J_rsz,z - Az,rrsz,—z)

for a constant time ToeT

S,=(L(t,7)), = -cos(w,(0)1) S,=(I.(t,r)), = cos’ (2¢)
-cos(w,g(0)7) -sin (@, 71(0)1)
-sin’ (a)Df(Q)TDET) 'Sin(a)Dg(Q)T)
'Sinz(wa(Q)TDET)
using:

cosacosbFsinasinb =cos(axb)

S, £28§, oc cos(w,[7(0)t £ g(0)r])

oC COS [ ho, t3cos’(0)—1) +gw,tsin’(0) ] Final Signal
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adjust t and 7T to add

o< COS(OW,t,)

3ht
®, o =0.30
2(t+71) max

Scaling Factor o =

Homonuclear Isotropic Evolution




‘ HOMIE Pulse Sequence l

a)dlp=h(300320—1) o, ~__=g(sin’0-e"*?)
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HOMIE Sequence Details

t, = n(2t.+41)

90
]
H CP
90
post-C7 post-C7
13C CP Z-filter
\
d8t, 8,
Hdip DET phase receive
experiment phase post-C7 phase
S X2 0 90 1
1 Y1 90 0 1
L Y2 90 90 1
[ 2x X3 0 0 reverse order 1
S < 2x X4 0 90 reverse order -1
2 2x Y3 90 0 reverse order -1
i 2x Yy 90 90 reverse order 1

remaining signal = 23%



Homonuclear Results

Static 1D

dimethyl-malonic acid
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Local Field Spectroscopy

®) benzene in a nematic liquid crystal
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Caldarelli, Hong, Emsley and Pines, JPC 100, 18699.

Linear with the couplings



‘ Heteronuclear Isotropic Sequence l
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Generate and detect

sin%0 + cos20 = 1

All while eliminating homonuclear dipolar couplings



T T

L w L]

510w

;

H per o< 5in 20, sin 20 (1, —e™*1.) S,



‘ Heteronuclear Results '
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Scaling factor = 0.08



Future Possibilities

Using selectively introduced labels or even naturally
occuring ones, we can approach NMR crystallography.

Additionally, angles can also be determined!
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